from each sampled hospital. Each admission file incorporates 25 fields for ICD-9-CM diagnostic codes and 15 fields for ICD-9-CM procedure codes. The sampling is stratified and the files are weighted to allow extrapolation of incidences on a nationwide or regional basis or on the basis of hospital size, location, teaching status, or categorization by the National Association of Children's Hospitals and Related Institutions (NACHRI).
The National Trauma Data Bank (NTDB) is a registry that is organized and maintained by the American College of Surgeons Committee on Trauma. On an annual basis, it compiles discharge data from participating trauma programs. Verification as a trauma program is not required for institutional participation, but the majority of participating institutions are designated Level 1 or Level 2 trauma programs by the American College of Surgeons or by state agencies. At almost all participating institutions, data preparation and submission are supervised by dedicated, full-time trauma registrars. Like the KID, the NTDB includes ICD-9-CM diagnostic and procedure codes. Unlike the KID, the NTDB is a convenience sample and cannot be used for extrapolation of incidences on a population base.
Because the NTDB includes a great variety of clinical data not available in the KID, and because the KID includes demographic and financial data not available in the NTDB, parallel studies were performed using these 2 complementary data sets to provide a multifaceted picture of pediatric spinal trauma in the US.
methods
The data for this study were taken from the 2009 KID and the 2009 NTDB. In both data sets, study cases were identified by ICD-9 codes for spinal fracture without spinal cord injury (SCI) (805.XX), spinal fracture with SCI (806.XX), spinal dislocation (839.00-839.59), and SCI without evidence of spinal osseous injury (952.XX). In the NTDB data set, a small number of additional cases were captured by search of Abbreviated Injury Scale "PreDot" codes. Only admissions of patients from 0 to 20 years of age were studied.
Nationwide population-based incidences were estimated from the KID using the weights provided in the data set (denominators for calculation of incidences were taken from the United States Census Bureau website [http:// www.census.gov/popest/data/historical/2000s/vintage_ 2009/index.html]). Other data reported from the KID reflect unweighted counts of cases, as do all the data reported from the NTDB.
Race is categorized differently in the KID and in the NTDB. The KID includes the categories white, black, Hispanic, Asian or Pacific Islander, Native American, and other. For purposes of this study, the last 3 categories were merged and designated "other." The NTDB has 2 fields for race with the following categories in each: white, black or African American, American Indian, other race, Native Hawaiian or other Pacific Islander, and Asian. In this study, only the first field was analyzed, and the last 5 categories were merged and designated "other." The NTDB has an additional field for designation of Hispanic or Latino ethnicity. In this study, any file coded for Hispanic or Latino ethnicity was categorized as Hispanic for analysis of race, regardless of the original designation in the race field. Thus, the following categories were used in this study for analysis of race in both the KID data set and the NTDB data set: white, black, Hispanic, and other. Designation of race was missing from 16% of admissions in the 2009 KID as a matter of policy of the reporting state agencies in Minnesota, North Carolina, Ohio, and West Virginia. Because these data were absent on a nonrandom basis, extrapolation of nationwide incidences by race was not undertaken, and race was omitted from multivariate analysis of the KID.
Admissions ending in transfer to another acute care facility were excluded from further study to avoid double counting. Such transfers accounted for only 2.7% and 4.7% of cases from the NTDB and the KID, respectively.
Data organization and analysis were performed using SPSS 22.0 (IBM Corporation). Univariate associations of qualitative variables were analyzed by cross-tabulation and the chi-square statistic. Comparisons of proportions and confidence intervals for proportions were calculated using the normal approximation to the binomial distribution. None of the quantitative variables analyzed in this study were distributed normally, so nonparametric statistical tests were used for univariate comparisons. Where p values have not been specified, denotation of significance implies a = 0.05.
Statistical models were constructed for an outcome (mortality) and for a process (spinal fusion). Multivariate analysis was conducted with logistic regression using the backward likelihood ratio method. Data were missing in small fractions of cases for a number of important variables. In the NTDB, payor was missing for 14.1% of admissions; disposition for 7.9%; race for 3.1%; Glasgow Coma Scale (GCS) motor score for 2.7%; and Injury Severity Scale (ISS) score for 0.2%. Variables with more than 20% missing data were not analyzed in the multivariate analysis. Values were imputed for variables with 2%-20% missing data, using the SPSS module for this purpose. Models were constructed in 2 blocks. Clinical predictors were in the first block; nonclinical predictors were in the second block. This construction allowed comparison of the relative importance of clinical and nonclinical factors, as reflected in the Nagelkerke R 2 statistic. (Nagelkerke R 2 is a measure of the portion of the variation of a response variable that can be explained by logistic regression. Like the more familiar coefficient of determination R 2 from linear regression, it varies between 0 and 1.) The goal of the modeling was to explain as much variation as possible rather than to develop odds ratios for individual predictors. Thus, the criterion for entry of predictors was set at p < 0.10, and the criterion for elimination of predictors was set at p > 0.20. No predictors were held back because of anticipated multicolinearity. All predictors with univariate associations strong enough to be considered for entry were included. Systolic arterial pressure and ISS scores were included as quantitative predictors, but most other quantitative and categorical variables were dichotomized.
This study was exempted from supervision by the Nemours Delaware Valley Institutional Review Board.
results
From the KID data set, the estimated incidence of spinal injury of all kinds among patients in 2009 was 14,968 or 170 per 1 million in the population under 21 years of age. The incidence of SCI was 2139 or 24 per 1 million. The estimated nationwide age distributions of admissions for all spinal injuries and SCIs are presented in Fig. 1 . Adolescents accounted for the preponderance of admissions in both categories. The population-based incidence of spinal injury and SCI was lowest in the Northeast and highest in the South. There were an estimated 418 deaths among patients with spinal injury for a rate of 2.8% and a population-based incidence of 5 per 1 million. Regional incidences of spinal injury, SCI, and death with spinal injury are presented in Table 1 . Including transfers to another acute facility, estimated total charges for hospital care of patients with spinal injury in the US in 2009 were $1.41 billion.
In the NTDB data set, there were 12,438 admissions of patients younger than 21 years of age coded for spinal injury, so the NTDB captured roughly 83% of all admissions for spinal injury in the pediatric age group in the US in 2009. There were 1584 SCIs, or roughly 74% of all SCIs in this age group in the US in 2009, as estimated from the KID. Mechanisms, pathologies, and levels of injury by age group are presented in Table 2 for the NTDB. There were no gross discrepancies between the KID and the NTDB with respect to these factors (data not shown).
Mechanism and severity of injury had strong associations with race and economic factors. Table 3 presents associations between race and mechanism of injury in the NTDB; associations in the KID were qualitatively similar and are not shown. Notable is the 23.9% prevalence of gunshot wounds among black patients admitted with spinal injury (21.6% in the KID). Table 4 presents associations between payor and mechanism in the NTDB; again, associations in the KID were qualitatively similar and are not shown. The high prevalence of motor vehicle injuries among admissions with "other" payors suggests a substantial contribution from automobile insurance to this category. The KID contains a field for median income of home zip code by quartiles. Mechanism of injury is characterized on this basis in Table 5 . Tables 4 and 5 depict socioeconomic relationships with injury: patients from wealthier neighborhoods with better insurance had more injuries related to bicycles, horses, and water activities than other patients. Patients from poorer neighborhoods with less insurance had more injuries related to firearms and abuse. Associations of ISS scores with payor and race from the NTDB are presented in Table 6 . Among racial categories, black patients were most severely injured by this measure. Among categories of payors, patients with "other" insurance were most severely injured. As noted, the "other" insurance category was strongly associated with motor vehicle injuries. In the NTDB, SCI was most common among black patients and next most common among Hispanic patients; it was relatively less common among patients with "other" insurance (Table 7) . Rates and statistical relationships were qualitatively similar in the KID, although the overall rate of SCI was slightly greater in the KID sample (14.5% compared with 12.6% in the NTDB [p < 0.0005]). Many cases of spinal injury had concurrent head and facial injuries. In the NTDB data set, 38.8% of cases with spinal injury were coded for TBI; 16.0% had GCS motor scores of ≤ 4; and 10.2% had facial fractures. Conversely, among all cases in the NTDB younger than 21 years of age coded for TBI, 9.8% had spinal injuries. Among all cases with GCS motor scores of ≤ 4, 10.9% had spinal injuries. Among all cases coded for intubation or sedation in the emergency department, 16.7% had spinal injuries.
The overall mortality rate in the NTDB was 3.9%. Among admissions in the NTDB with no code for TBI, the mortality rate was 1.0%. The mortality rate in the KID sample was 2.8% (p < 0.0005). The overall rates of spinal fusion were 12.4% and 14.3% in the NTDB and the KID, respectively (p < 0.0005). The median length of stay (LOS) was 4 days in both data sets, but the mean LOS was 8.01 days in the NTDB and 7.66 days in the KID (p = 0.021). Rates of mortality and spinal fusion in the NTDB are analyzed with respect to associations with race and payor in Table 8 .
In the multivariate model of mortality in the NTDB data set, the following predictors were retained in the final 2-block model: infant age, sex, partial SCI, fracture with- out SCI (protective), fracture with SCI (protective), spinal cord injury without radiographic abnormality (SCIWORA) (protective), high cervical injury, low cervical injury, thoracic injury (protective), multiple injury levels, GCS motor score ≤ 4, any TBI, facial fracture (protective), mechanism (abuse, gun, and motor vehicle), systolic blood pressure, ln(ISS), self-transport, in-transfer (protective), and number of trauma registrars (protective). Addition of the second block improved the model only slightly: the Nagelkerke To confirm the association of economic status with fusion rates, a parallel analysis was performed in the KID. Because designation of race was missing in 16% of cases on a nonrandom, state-wise basis, race was not included in the model. Other missing data were imputed. Again, a 2-block model was constructed. Addition of the nonclinical factors increased the Nagelkerke R 2 of the model from 0.259 to 0.276. The following predictors retained significance: teen age, spinal dislocation, spinal fracture, spinal fracture with SCI, low cervical injury, thoracic injury (protective), lumbosacral injury (protective), multiple injury levels, open injury (protective), injury by fall (protective), injury by firearm/abuse (protective), facial fracture (protective), TBI (protective), teaching hospital, small hospital (protective), and elective admission. As in the NTDB data set, public insurance (including self-pay and no charge) retained significance (protective; p < 0. 
discussion
This report represents the first population-based study of spinal injury in childhood in the US. Because it drew from both a governmental administrative database and a large trauma registry, it offers a stereoscopic view of its subject. The KID was used for calculation of nationwide incidences. Because the NTDB registry contains more clinical detail, it was the principal source of data for statistical analysis of patterns of injury and outcomes. The KID contains a narrower set of clinical variables, but it offers descriptors of access that are not available in the NTDB. It also includes a small number of elective admissions for spinal injury. Whenever its data supported parallel analysis, the KID provided qualitative confirmation of the findings from the NTDB. Mechanisms of spinal injury and anatomical patterns of injury have been described in many institutional case series and trauma registries, and the current study confirms these observations on a large scale. 1, 6, [9] [10] [11] [12] 15, 16, 18, 20, 26, 31, 39, 41, 44, 49, 50 Notable are frequent associations with head and facial injury, high rates of injury at multiple levels of the spine, the predominance of high cervical injury in the youngest patients, and the relatively high rate of SCIWORA in that age group. Injuries of the thoracic and lumbosacral spine have received relatively scant attention in the literature, but in the cross-sectional survey reported here, these levels account for more than half of all injuries in every age group.
Several other groups have also investigated pediatric spinal injury in registries and population-based data sets. 7, 21, 34, 38 In the UK Trauma Audit & Research Network Database, Martin et al. noted that polytrauma and chest injuries were associated with spinal fracture-dislocation and with SCI. 34 TBI with low GCS scores was associated with SCI. Mohseni et al. have documented the relationship between age and level of cervical spine injury using 5 years of data from the NTDB. 38 Hagen et al. studied trends in the age-adjusted incidence of traumatic pediatric SCI over a 50-year period in Norway. The incidence among adolescents increased over time. 21 The overall rate among adolescents was 25.1 per 1 million per year, roughly 10 times the incidence in younger children. Chien et al. conducted a study of pediatric spinal injury at all levels over an 11-year period in Taiwan. 7 They documented an overall annual incidence of SCI of 59.9 per 1 million. SCI was most common among adolescents and among children from lower socioeconomic strata.
Much has been written about the prevalence of spine injury in the setting of polytrauma, particularly in the unevaluable patient with TBI. 17, 25, 27, 32, 37, 42, 52 Reported rates of cervical spine injury concomitant with traumatic coma are between 6% and 9%. Lower rates have been cited in reports that detail less precisely the severity of the TBI and the methods of evaluation. 3, 40, 54 In infancy, excepting cases of abusive head injury, the rates of spinal injury associated with TBI have seemed to be quite low. 2, 8, 19, 30 The current study reports spinal injury rates of 9.8% for NTDB admissions coded for TBI and 10.9% for admissions coded for GCS motor ≤ 4, but all spinal levels have been counted. Among admissions of patients whose clinical evaluations were obscured by intubation or sedation, the current study notes a prevalence of spinal injury of 16.7%.
There are fewer data about the obverse question, the prevalence of TBI among patients with spinal injury. In an institutional series of admissions of cervical spine injuries of all degrees of severity, Michael et al. noted coincident head injuries of all degrees of severity in 25% of patients. 37 Iida et al. reported moderate or severe head injury in 35% of 188 patients with cervical spine or SCI. 29 In a study of spinal injuries at all levels limited to the pediatric age group, Cirak et al. recorded a 37.4% prevalence of TBI. 9 In the current study, coincident TBI and GCS motor ≤ 4 are noted in 38.8% and 16.0% of cases, respectively.
This study presents new information about patterns and severities of spinal injury among pediatric patients in differing racial and economic categories. ISS scores were highest among black patients and among patients with Medicaid or no insurance. Patients in these categories had startling rates of firearm-related injury, 23.9% and 10.3%, respectively. Black patients also had the highest rates of SCI. Like other traumatic conditions, the epidemiology of pediatric spinal injury in the US cannot be understood apart from considerations of race and economic status.
Having demonstrated that patients of different racial and economic categories sustain qualitatively and quantitatively different injuries, a second goal of this investigation was to exploit the detail of the NTDB to determine whether differences in clinical and nonclinical factors explain the observed differences in outcome. In my judgment, the only credible functional outcome in the NTDB data set was mortality. Discharge to home might have been considered a marker of favorable outcome, but the data set did not distinguish patients who were discharged directly home after acute care from patients who were discharged to home after inpatient rehabilitation in the same institution as the acute care. The data set also did not distinguish transfer for rehabilitation from transfer for long-term care. Fortunately for the patients but unfortunately for the statistical analysis, mortality rates were quite low, and most deaths were related to head injury. Nevertheless, the number of cases was large enough to develop an informative multivariate statistical model. The only economic predictor, payor, was eliminated at an early stage of the second block of the regression. The final 2-block model had a high AUC for black patients, but the AUC was distinctly better for patients in other racial categories. Black race as a predictor retained significance when it was added to the 2-block model. In this analysis, black race entailed an added risk of mortality not explained by a large panel of clinical and access predictors. As the following discussion demonstrates, this result was expected.
If prehospital clinical and nonclinical factors cannot account for disparities in outcomes, the next logical question is whether patients in different racial and economic categories receive different treatment. Analysis of both the NTDB and the KID yielded affirmative answers. Because race and payor are so highly correlated, their associations with fusion rates were impossible to dissect apart in the NTDB. White children underwent more fusions; children with public insurance underwent fewer fusions. Race could not be analyzed in the KID, but the association of public insurance with lower fusion rates was confirmed. Statistical association is not causation. One possible explanation of these findings is the failure of the study databases to capture sufficient clinical data. Important but obscure clinical factors may covary with race and payor. Alternatively, as the indications for spinal fusion are not clearly defined in every clinical circumstance, the decisions of surgeons or families may be influenced by social or financial factors. Also unclear from the current analysis is whether the demonstrated disparities reflect overtreatment of one group or undertreatment of the other.
The current report adds to the large and growing body of evidence that race and economic status are determinants of trauma outcomes, above and beyond their identifiable associations with severity of injury and access to care. This topic has been reviewed recently. 5, 23 Race and economic status are highly correlated in the US, and studies have reached varying conclusions about the relative importance of these factors to trauma outcomes.
Of particular relevance to the current investigation are studies of pediatric trauma. There is general agreement that economic status, as measured by insurance coverage or median income of home zip code, is associated with mortality rates. 45, 46, 55, 56 Absence of insurance coverage, so-called "self-pay" status, is a particularly adverse factor. 24, 43, 55, 56 In the pediatric age range, however, trauma patients admitted without insurance often acquire retroactive Medicaid coverage, and this coverage is registered in discharge data if the hospital stay is long enough. Patients with no insurance who die of their injuries tend to have relatively short lengths of stay in the hospital and may fail to acquire Medicaid coverage before discharge data are registered. Thus, the set of trauma mortalities is enriched in "self-pay" patients compared with survivors. To eliminate this bias, some studies of pediatric trauma, including the current study, analyze "self-pay" patients together with Medicaid beneficiaries. 14, 43, 57 After controlling for economic status, several groups have reported the persisting significance of race as a predictor of trauma mortality. Falcone et al. studied trauma in infancy over a 10-year period at Cincinnati Children's Hospital. African-American infants had higher mortality rates from all mechanisms of injury, even after accounting for insurance coverage. 13 In a follow-up study, this group analyzed mortality rates from abusive head injury in infancy. 35 The investigators controlled for severity of injury by means of a CT scan grading system in addition to ISS and GCS scores. Again, black race was found to be associated with greater risk of mortality. Studies of pediatric trauma of all types using data from the NTDB have found consistently that both race and insurance status retain significance as predictors of mortality. 24, 48 In a study of severe TBI using 5 years of KID data, Piatt and Neff reported that both commercial insurance and white race retained significance as protective predictors in a multivariate model of mortality. 43 Conflicting findings in other reports raise the possibility of geographic inhomogeneity in the importance of race as a predictor of pediatric trauma mortality. 28, 45 Little is known about disparities in functional outcomes in childhood trauma, but in an analysis of data from the National Pediatric Trauma Registry, after adjustment for severity and mechanism, Haider et al. found that black children with TBI were discharged from the hospital with greater degrees of disability, as measured by the WeeFIM (Functional Independence Measure for children).
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Economic status and race have been shown to be associated with disparities in the process of care in a variety of settings. In a study of emergency department visits for childhood TBI in Maryland, after adjustment for injury severity, McCarthy et al. found that children without insurance were less likely to be admitted than children with commercial insurance, who were in turn less likely to be admitted than children with Medicaid. 36 Sabharwal et al. documented greater delays in management for extremity injuries among children with public insurance compared with children with private insurance. The latter arrived at the university hospital emergency department by ambulance at much higher rates than the former, who tended to arrive by private car. 51 In a study of TBI in a large data set from the National Hospital Ambulatory Medical Care Survey, Mannix et al. found white race to be a predictor of CT scanning. 33 Conversely, in a report from the Pediatric Health Information System, white infants with TBI were less likely to be evaluated for suspected abuse than black or Hispanic infants. 57 Data from the 2000 KID suggest that both race and payor affect selection of treatments for pediatric long-bone fractures. 53 In another study from the KID, admissions of children with severe TBI were more likely to be coded for intracranial pressure monitors if they were white, had commercial insurance, or lived in a relatively wealthy zip code. 43 Children from wealthy zip codes were also more likely to have undergone a major neurosurgical procedure. Similarly, after adjustment for clinical and access factors, the current study determined that children with better insurance were more likely to undergo spinal fusion than other children with spinal injuries. Whether children from disadvantaged backgrounds are undertreated or whether children with advantages are overtreated is an intriguing question, the answer to which must vary from one clinical setting to another.
Interventions to correct disparities in the processes of care must take the form of guidelines, policies, or protocols. In what the authors describe as "the first report of a successful policy-based intervention to decrease disparity in care," Rangel et al. described implementation of a guideline requiring skeletal surveys for all infants with unwitnessed head injuries. 47 Historically, black children had undergone radiographic screening more frequently than white children at the authors' institution. The guideline corrected this disparity without diminishing the diagnostic yield.
The weaknesses of studies based on registries and administrative databases are well known. Limitations in the scope of data collection, missing data, uncertain accuracy in the recording of data, and imprecision in the definitions of categories are obvious concerns that were mitigated to a degree in the current study by the use of 2 complementary data sets collected by different mechanisms for different purposes. Reformatting data collected in the past for new statistical analysis entails many subjective decisions that offer opportunity for injection of bias. The ideal investigation is driven by hypotheses developed before examination of the data. In the current study, hypotheses were formulated and tested as the data were explored. Again, this flaw was mitigated to a degree by confirmation in the KID of an observation developed first in the NTDB.
The existence of racial and economic disparities in trauma outcomes is well established. Many of the causes lie far outside the scope of medical practice, but recent work, including the current study, has focused attention on disparities in the processes of care, which are the responsibility of the physician and surgeon. Guidelines, protocols, and the measurement of quality are the obvious remedies. Future research may demonstrate that such measures have the power to efface disparities as well as to improve health care outcomes.
conclusions
The incidence of admissions for pediatric spinal injury and SCI varies regionally in the US. Mechanisms, patterns, and severities of injuries have important associations with age, race, and payor. In this study, greater risk of mortality after spinal injury among black patients and higher rates of spinal fusion among patients with better insurance were explained incompletely by consideration of clinical factors and disparities in access.
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